Background The prevalence of drug-related problems in patients hospitalized at respiratory care units is unknown in mainland China. Objective To identify and categorize drug-related problems in a respiratory care unit in China. Setting Respiratory care unit in a tertiary university hospital in China. Methods Clinical pharmacy services were introduced and documented during an 18-months study period. The problems were categorized using the Pharmaceutical Care Network Europe DRP classification tool V8.02. Main outcome measures Problems and causes of drug-related problems, interventions proposed, and outcome of pharmacy recommendations. Results A total of 474 patients were reviewed, 164 patients had DRPs (34.6%).
Introduction
Respiratory diseases are one of the most common diseases in the world [1] and caused 3.8 million deaths in 2015 worldwide [2] . The report released by the Forum of International Respiratory Societies identifies five conditions that primarily contribute to the global burden of respiratory disease: asthma, chronic obstructive pulmonary disease (COPD), acute respiratory infections, tuberculosis, and lung cancer [3] . Respiratory diseases were the third most common cause of death in China in 2015 [4] .
Clinical pharmacy services can contribute to reducing hospital mortality rates [5] . Several studies have shown that pharmacist participation in respiratory disease management has an impact on patient care: they can educate patients on diseases and medications; improve medication compliance, disease control, and therapy outcomes; and reduce hospital admissions and healthcare-related costs [6] [7] [8] [9] . Identifying and resolving drug-related problems (DRPs) associated with prescription orders are the core activities of pharmaceutical care. A DRP is "an event or circumstance involving drug therapy that actually or potentially interferes with desired 1 3 health outcomes" [10] . DRPs may lead to increased morbidity, mortality, and healthcare costs [11] .
Most research in respiratory disease management has been conducted in Western countries, and clinical pharmacy service in this patient care field is still in development in China. The extent and characteristics of DRPs in respiratory medicine units are unknown in mainland China, and the impact of pharmacist participation in patient care needs further research. We introduced a respiratory care pharmacy service at a Chinese hospital in 2015. This paper is a description of our findings.
Aim of the study
The objective was to categorize DRPs identified in a respiratory care unit and to assess interventions provided by pharmacists.
Ethics approval
The study was approved by the First Affiliated Hospital of Bengbu Medical College Institutional Review Board (No. 2015092 ).
Methods

Setting
The study was consducted in the respiratory medicine department from January 1, 2015, and June 30, 2016, at the First Affiliated Hospital of Bengbu Medical College, a 1,800-bed teaching hospital servicing a population of 30 million people in northern Anhui province, East China. The respiratory medicine unit has 120 beds, including 8 intensive care beds. Patients were cared for by a multi-disciplinary team (MDT) consisted of physicians, nurses, and one clinical pharmacist. The clinical pharmacist had completed residency training with a sub-specialty in infectious diseases accredited by the China Ministry of Health and had 5 years of hospital practice experience. The responsibilities of the clinical pharmacist were: (1) participating in daily MDT round and case discussions, (2) providing drug information and therapy consultations to the MDT, (3) reviewing medication orders to identify DRPs and proposing clinical interventions to resolve the DRPs identified. The hospital has computerized physician order entry (CPOE) with clinical decision support for physician prescribing and pharmacist order verification.
Study design and data collection
The pharmacist reviewed medication orders for all patients admitted to the respiratory medicine unit within the study period. The following patient demographic and clinical information were collected: gender, age, length of hospital stay, smoking and drinking habits, diagnosis on admission, and concomitant chronic diseases.
The pharmacist reconciled patients' current medication lists, and an advanced medication review was performed for each patient by the clinical pharmacist within 24-48 h of patient admission to the unit during weekdays based on data collected from patient's medical records, a direct patientpharmacist interview and rounding with the MDT. During MDT rounds, pharmacists also paid attention to how nurses administered drugs when possible. The clinical pharmacist used relevant treatment guidelines from major Chinese and international associations to detect DRPs, and standardized databases such as the China National Formulary, Medscape, and UpToDate, to assist with the calculation of appropriate doses based on creatinine clearance (Cockcroft-Gault equation). Major treatment guidelines referenced were from the Infectious Diseases Society of America (IDSA) [12] , the Chinese Thoracic Society [13] , The Global Initiative for Asthma (GINA) [14] and The Global Initiative for Chronic Obstructive Lung Disease (GOLD) [15] ). The Chinese guidelines are similar to international guidelines, except drugs are tailored based on Chinese formulary. DRPs identified were verified with the MDT, and appropriate pharmacy interventions to resolve the identified DRPs were discussed with the MDT. The clinical pharmacist evaluated the outcome of each recommendation, and the physicians confirmed the results.
Data and statistical analysis
The identified DRPs, causes, interventions, and outcomes were characterized using the Pharmaceutical Care Network Europe (PCNE) DRP classification V8.02, which was last updated in 2017 [16] . The rate of DRPs was estimated by calculating the number of DRPs per patient. One Problem (P) may have multiple Causes (C), and lead to more than one Intervention (I), but it leads to only one Outcome (O). A descriptive analysis was conducted on the patient's demographics, clinical characteristics, causes of DRPs, and types and outcomes of interventions. Frequencies and percentages were calculated for categorical variables. All analyses were performed using SPSS 18.0. Data were presented as medians and interquartile ranges (IQRs) (25-75th percentiles). T test, variance analysis, χ 2 analysis, and rank-sum test were used in the analysis. p values < 0.05 were considered statistically significant.
Results
Patient characteristics
A total of 474 patients was hospitalized during the 18-month study period, and 164 (34.6%) patients had DRPs requiring pharmacist interventions. Table 1 shows the demographic and clinical characteristics of these patients: the average age was 65.0 years, and 58.9% were males. The average length of hospital stay was 13.0 days, and patients with DRPs had a longer duration of hospital stay, 15.0 days versus 12.5 days. The top three reasons for admission were pneumonia (31.9%), lung cancer (25.7%), and acute exacerbation of COPD/Cor Pulmonale (23.8%). Total 33.8% of patients had concomitant cardiovascular diseases followed by diabetes (17.7%) and cerebrovascular diseases (12.4%). More DRPs were identified in patients with cardiovascular diseases and diabetes. The top three medication classes taken were: anti-infective 
Identified drug-related problems
A total of 410 DRPs were identified, an average of 2.5 per patient ( 
Causes of drug-related problems identified
A total of 492 DRP causes were identified ( 
Proposed interventions to resolve the identified DRPs
Acceptance of the intervention proposals
Total 744 (96.2%) interventions were accepted and regarded as clinically relevant. Among these accepted interventions, 662 (89.0%) were accepted and fully implemented by prescribers or patients ( Table 5 ).
Outcomes of interventions
A total of 410 DRPs were identified, and 336 (81.9%) DRPs were solved, while 42 (10.3%) DRPs were partially solved, and 32 (7.8%) DRPs were unresolved ( Table 6 ). Among the not solved O3 domain, lack of cooperation from patient O3.1 or prescriber O3.2 were the major causes of failed intervention outcome.
Discussion
To the best of our knowledge, this is the first prospective study describing the prevalence of drug-related problems in patients admitted to a respiratory care unit in mainland China. DRPs are common in this patient population. This highlights the needs for clinical pharmacy service in this specialized patient care unit. Total 34.6% of the patients in our study had DRPs, and the average number of DRPs per patient was 2.5. We could not find the prevalence of DRPs in respiratory care units in published studies for a direct comparison. Some studies showed a significantly different mean number of DRPs per patient in Chinese hospitals. For example, a study in hospitalized surgical patients in China reported a mean of [18] . Another study done in an internal medicine ward in Turkey indicates that 80% of patients had DRPs using PCNE classification V7.0, an average of 1.6 DRPs per patient [19] . The methodological issues of reporting, study population and setting, and classification could contribute to the variations of DRP prevalence among studies [20] . In our analysis, there were no significant differences between males and females regarding the number of DRPs. However, there was a connection between an increased hospital stay and the development of DRPs. This association was also observed in the Turkish study in internal medicine patients [19] . More medications could be prescribed to patients with longer hospital stays, and this might have contributed to an increased number of DRPs. The causes of the DRPs identified were mainly at the patient level, drug selection, and drug use process, and these accounted for 73.5% of the causes. This indicates that a patient's drug use behavior, physician's prescription behavior, and nurse drug administration all could affect the appropriate use of drugs. Patients were allowed to keep and take their own medications before and during admission, which could be the cause for DRPs. This demonstrates the necessity of medication reconciliation by pharmacists. One patient-level example was: a patient who needed government assistance support had multiple severe COPD exacerbations requiring hospitalizations. Upon the clinical pharmacist interview to the patient, we found that this patient had insufficient knowledge about his medications and his poor inhaler use skills led to his poor COPD control. Studies have demonstrated that treatment-to-goal education with both verbal instructions and device demonstration is an essential first step toward improving self-management and health outcomes for hospitalized patients with COPD, especially among patients with lower levels of health literacy [21, 22] . One example at the prescriber drug selection level was cefuroxime combined with moxifloxacin was frequently prescribed for admitted community-acquired pneumonia patients regardless of the patient's exposure to the environment, medication history, and other characteristics. One example at the nurse drug administration level was antibacterial drug dosing interval such as q6 h, q8 h, or q12 h were often administrated at wrong time intervals.
Compared to patients without DRPs, patients with DRPs took more drugs, especially cardiovascular and endocrine system drugs. The three primary medication classes associated with DRPs were anti-infective drugs (79.3%), cardiovascular drugs (55.5%), and respiratory drugs (40.2%). The drug types were consistent with the admission diagnoses such as pneumonia (30.5%), AECOPD/COPD (25.6%), and lung cancer (25.6%). However, the cardiovascular system drugs ranked second, while lung cancer chemotherapy drugs/analgesics and glucocorticoids ranked seventh. In our patient population, cardiovascular disease was the most common comorbidity (45.1%), leading to increased DRPs. In contrast, chemotherapy for lung cancer was generally followed by relevant guidelines with a few occurrences of DRPs. These findings suggest that when providing clinical services at respiratory units, pharmacists should focus on patients with comorbidities taking drugs other than respiratory drugs. Specialists may, in general, have less knowledge about these drugs and disease conditions. The added value of clinical pharmacists is mainly on DRPs in general, and the overview of complete pharmacotherapy.
The safety of drug treatment accounted for almost 40% of the types of DRPs identified in our study. Some of the examples of DRPs identified were: a patient with pulmonary infection was treated with cefoperazone/sulbactam for 14 days with an undetected prothrombin time of 64 s; voriconazole was dosed without a dosing adjustment for an invasive pulmonary fungal infection in a patient with liver function of the Child-Pugh grade C; and a 65-yearold male epilepsy patient took carbamazepine for 15 years with a development of aplastic anemia. The specific role of the clinical pharmacist in improving medication safety is increasingly important, especially for patients admitted to an intensive care unit due to high risk for prescribing errors and related adverse drug events [23, 24] . Pharmacists should actively monitor patients' drug therapy with consideration of relevant laboratory parameters. Recommendations on optimizing the clinical decision support in the CPOE system should also be proposed at the hospital level.
In our study, treatment effectiveness was the dominant type of DRPs, and this was similar to the study evaluating clinical pharmacy services to cardiovascular clinics in Northern Cyprus [18] . Patient-related category and drug selection accounted for approximately 50% causes of the DRPs in that study. In the Turkish study, drug selection was the primary cause of DRPs. Pharmacists made an average 1.9 interventions for each DRP identified in our study, and the acceptance of pharmacists' interventions was high, 96.2%, which is comparable to the findings in the Northern Cyprus study (93.1%). In our study, intervention accepted and fully implemented was 85.6%; this was similar to the Swiss University Hospital study of 83.0% [25] but lower than the study in Italy [26] . This high rate of acceptance demonstrates that pharmacist's interventions were relevant and highly useful for physicians, especially in determining the optimal drug dosage for patients. The high acceptance and implementation of pharmacist's interventions led to more than 90% of the DRPs identified solved or partially solved.
Our study has the following limitations: (1) it was conducted in a single hospital, and the DRP patterns may not be generalizable for other departments or other hospitals in China, (2) the small size of the study group, which only included 164 patients and (3) medication review was performed by one pharmacist and no validation of this review or study data was performed by another pharmacist. Furthermore, our study only assessed pharmacists' impact on identifying and resolving DRPs related to patients' pharmacotherapy, the relationship between the outcome of DRPs and patients' clinical outcome requires future research.
Conclusion
A high rate of DRPs is observed in patients hospitalized in a respiratory care unit in China. A total 34.6% of the patients in our study had drug-related problems, and the average number of DRPs per patient was 2.5. The study also demonstrates that clinical pharmacists can identify DRPs and make clinical interventions to resolve the identified DRPs. 
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